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ABSTRACT 1 
Objective:  To investigate whether measures of activity limitations and participation restrictions 2 
with sound internal construct validity could be derived from patient ratings of the International 3 
Classification of Functioning, Disability and Health Low Back Pain Core Set (LBP-CS).  4 
 5 
Study Design and Setting: The LBP-CS Self-Report Checklist (LBP-CS-SRC) was developed to 6 
permit patients to self-rate their functioning according to an extended set of activity and 7 
participation categories from the LBP-CS. Rasch analysis was employed to examine the validity of 8 
the LBP-CS-SRC with a sample of 308 adults with chronic LBP attending two tertiary-referral 9 
outpatient services in Brisbane, Australia.  10 
 11 
Results: The activity limitations and participation restrictions qualifier scales functioned 12 
satisfactorily, and the LBP-CS-SRC person response validity was good. Following deletion of six 13 
misfitting items, the dimensionality results supported employing the instrument as distinct measures 14 
of activity limitations (17 items) and participation restrictions (10 items). The activity and 15 
participation measures both had good person separation reliability and no component items 16 
exhibited meaningful differential item functioning.  17 
 18 
Conclusion: The results demonstrate that measures of activity and participation with sound internal 19 
construct validity can be derived from patient ratings of LBP-CS categories. The LBP-CS-SRC can 20 
be used in clinical practice and epidemiologic research to support understanding of patients’ 21 
perspectives on functioning.  22 
Abstract word count: 197 23 
Keywords: International Classification of Functioning, Disability and Health; low back pain; Rasch 24 
analysis; validity; activity; participation.  25 
Running head: Rasch analysis of the LBP-CS-SRC  26 
27 
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 28 
WHAT IS NEW? 29 
Key findings 30 
 The Low Back Pain Core Set Self-Report Checklist (LBP-CS-SRC) was developed for this 31 
study to permit patients to self-rate their functioning according to an extended set of activity and 32 
participation categories from the International Classification of Functioning, Disability and 33 
Health (ICF) Low Back Pain Core Set.  34 
 The LBP-CS-SRC was found to produce distinct measures of activity and participation with 35 
sound internal construct validity. 36 
What this adds to what was known? 37 
 Health professional ratings of ICF Core Sets are commonplace in clinical practice and research. 38 
This study is the first to demonstrate that patient ratings of the ICF Low Back Pain Core Set can 39 
serve as a methodologically sound approach to quantifying activity limitations and participation 40 
restrictions. 41 
 Patient ratings of ICF Low Back Pain Core Set categories represent a simpler and more 42 
effective alternative to the existing methods that are used to assess patients’ perspectives on 43 
activity and participation. 44 
What is the implication, what should change now? 45 
 Clinicians and epidemiologists should consider using the LBP-CS-SRC to measure functioning 46 
and improve understanding of patients’ perspectives on activity limitations and participation 47 
restrictions.  48 
 Further research into the psychometric properties of direct patient ratings of other ICF Core Sets 49 
is warranted to determine whether such ratings might also be used to derive measures of 50 
functioning. 51 
 52 
53 
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 54 
1.0 INTRODUCTION  55 
Chronic low back pain (CLBP) affects approximately one in five individuals [1] and is most often 56 
non-specific in etiology [2]. Understanding the impact of CLBP is important for patients, clinicians, 57 
epidemiologists, and healthcare funders. Substantial variability exists in the outcome domains that 58 
are considered when assessing the impact of CLBP in research and practice [3], and numerous 59 
measures of these various outcome domains are available. For example, there are at least 36 60 
different CLBP-specific patient-reported measures of “physical function” or “disability” [4], and 61 
findings from different CLBP measures are not readily interchangeable. This measurement 62 
heterogeneity has led to data silos, which represent a substantial limitation in systematic reviews 63 
and meta-analyses of CLBP epidemiologic and treatment studies [e.g., 5].  64 
 65 
The current conceptualization of disability, as endorsed by the World Health Assembly, is detailed 66 
in the International Classification of Functioning, Disability and Health (ICF) [6]. In the ICF, 67 
disability is defined as the negative aspects of the interaction between an individual’s health 68 
condition and his/her contextual factors (i.e., the environment and personal factors). The distinct 69 
components of disability described by the ICF are: impairments (problems in body functions or 70 
structures); activity limitations (difficulties in executing tasks); and participation restrictions 71 
(problems with involvement in life situations) [6]. The ICF conceptualization of disability 72 
recognizes that the experience of CLBP related disability is more than a simple and direct 73 
consequence of pain, and is the sequel of a dynamic complex interaction between an individual and 74 
his/her context [7, 8]. However, current gold standard measures of LBP-related disability, such as 75 
the Roland Morris Disability Questionnaire (RMDQ) and Oswestry Disability Index (ODI) [9], are 76 
not consistent with this contemporary conceptualization. The RMDQ and ODI, both self-report 77 
instruments, were developed prior to release of the ICF and focus on the direct impact, or the 78 
interference, of pain on task execution rather than actual task performance [10]. Recent findings 79 
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suggest that when responding to such instruments patients consider their pain first and foremost, 80 
rather than their actual activity limitations and participation restrictions [11]. In addition, the items 81 
from these instruments assess a mix of ICF components, with limited coverage, and aggregate item 82 
scores into unitary scale totals [12]. Therefore, notwithstanding their conceptual incongruence with 83 
the ICF, it remains difficult to ascertain the specific impact of interventions on impairments, 84 
limitations, or restrictions when using existing instruments. Accordingly, the Imitative on Methods 85 
Measurement and Pain Assessment in Clinical Trials (IMMPACT) and Outcome Measures in 86 
Rheumatology (OMERACT) consortia have recommended development of new self-report 87 
measures of activity and participation that operationalize the ICF model and taxonomy [13].   88 
 89 
In 2004, the ICF Low Back Pain Core Set (LBP-CS) [14] was released to, in part, address 90 
measurement heterogeneity. The LBP-CS contains a selection of 78 categories (29 specific to 91 
activity and participation) from the ICF that are salient for people with LBP. By employing the 92 
ICF’s universally agreed upon language and conceptualization of disability, the LBP-CS provides a 93 
guide for ‘what to measure’ that transcends research settings and geographic regions. With its 94 
defined constructs and associated generic qualifier scheme (i.e., none – complete difficulty), simple 95 
ordinal ratings of LBP-CS categories (e.g., d450 walking) by health professionals have been shown 96 
to produce measures of activity limitations and participation restrictions [15-17]. In this way, the 97 
LBP-CS can provide the ‘how’ as well as the ‘what’ to measure. Consistent use of the LBP-CS can 98 
address the issue of measurement heterogeneity by facilitating comparisons of results across studies 99 
according to the ICF’s universally accepted language and conceptualization of disability. 100 
 101 
The LBP-CS is increasingly being used in clinical practice and research to classify patient 102 
functioning, guide treatment, and measure outcomes [18-20]. To date, however, the rating of LBP-103 
CS categories has been limited to health professionals.  Previous evidence suggests differences 104 
between health professionals and patients when quantifying disability, even when using the same 105 
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instrument [21]. Many aspects of activity and participation, for example engagement in community 106 
roles, are not readily observable by health professionals and may contribute to such differences.  107 
Therefore, health professionals’ ratings of the LBP-CS alone do not provide a sufficient 108 
understanding of activity limitations and participation restrictions or satisfy recommendations for 109 
the use of self-report disability measures in routine practice and research [13]. Patient reported 110 
disability according to the LBP-CS is necessary to obtain a comprehensive understanding of 111 
functioning. Simple patient ratings of LBP-CS categories, akin to those provided by health 112 
professionals, may serve as a practical and effective method for acquiring patient input on activity 113 
limitations and participation restrictions that overcomes the aforementioned issues [22]. The present 114 
study sought to investigate whether measures of activity limitations and participation restrictions 115 
with sound internal construct validity could be derived from patient ratings of the LBP-CS. 116 
 117 
2.0 METHODS  118 
2.1 Design, Participants, and Setting 119 
A cross-sectional questionnaire study was undertaken with outpatients attending a multidisciplinary 120 
service that provided conservative rehabilitative management of chronic musculoskeletal conditions 121 
at two tertiary-referral public hospitals in Brisbane, Australia. As part of routine practice, patients 122 
who were new to the service were mailed a letter notifying them of their initial appointment details. 123 
From June 2012 - December 2013 a study invitation letter, informed consent form, and the Low 124 
Back Pain Core Set Self-Report Checklist (LBP-CS-SRC, detailed below) were included with the 125 
aforementioned letter for eligible patients. Eligibility criteria for the study were: 1) non-specific 126 
LBP [2] of >3 months duration as the primary reason for attendance, 2) ≥18 years of age, 3) no 127 
known cognitive deficits, and 4) able to read and write English. Participants returned all completed 128 
materials on the day of their initial appointment. The study was approved by the relevant multi-site 129 
hospital (HREC/11/QPAH/08) and university (MREC/UQ/2011000604) ethics committees. Each 130 
participant provided written informed consent. 131 
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 132 
2.2 Measures 133 
LBP-CS-SRC. For the purpose of this study, the LBP-CS activity and participation second-level 134 
categories [14], with the exception of d859 (work and employment, other specified and unspecified) 135 
due to its lack of specificity, were operationalized using the instrument in Supplementary Appendix 136 
A. Five additional activity and participation categories (d230 carrying out daily routine, d520 137 
caring for body parts, d720 complex interpersonal interactions, d855 non-remunerative 138 
employment, and d930 religion and spirituality) that were identified as potentially relevant from 139 
prior work [23, 24] were also included. To develop the 33-item LBP-CS-SRC, each ICF category 140 
label was presented along with its associated examples from the ICF manual [6]. The modified 141 
three-point ICF qualifier scale (no difficulty = 0, some difficulty = 1, severe difficulty/could not do 142 
= 2, and not applicable = 9 [coded as a missing value]) was provided to permit patients to self-rate 143 
activity and participation performance. The original five-point ICF qualifier scale, when rated by 144 
health professionals, has been shown to be dysfunctional and the modified three-point qualifier 145 
scale employed in this study is a recommended alternative [15, 16, 25-27]. The LBP-CS-SRC 146 
emulates the LBP-CS that health professionals utilize to rate functioning, apart from the omission of 147 
one category and addition of five categories described earlier.   148 
 149 
Literature supports the content validity of the LBP-CS, that is, the included categories 150 
comprehensively encompass qualitative findings regarding the aspects of functioning that are 151 
relevant to CLBP patients [23, 24] and their health professionals [28, 29]. Evidence also supports 152 
the structural validity of the LBP-CS as a measurement tool when rated by health professionals [15-153 
17]. To enhance the LBP-CS-SRC’s utility, distinct activity and participation dimensions were 154 
defined a-priori. To achieve this, Whiteneck and Dijkers [30] theory driven activity and 155 
participation delineation recommendations were employed to allocate 22 (d230 – d650) and 11 156 
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(d660 – d930) LBP-CS-SRC items to activity and participation dimensions, respectively, for 157 
independent analyses.  158 
 159 
Prior to the present study, the draft LBP-CS-SRC was piloted with a purposive sample of five 160 
CLBP patients from the aforementioned Service (including three females and at least one patient 161 
with less than, equal to, and greater than secondary schooling) to assess the instrument’s 162 
comprehensibility. Cognitive interviewing was undertaken by the first author with these five 163 
patients according to a relevant guideline [31]. The first and second authors reviewed notes from 164 
the interviews. The cognitive interviews supported the presentation, content, and correct 165 
interpretation of the items, response options, instructions, and recall period. The only changes 166 
resulting from these interviews were the insertion of further instructions specific to the three work-167 
related items (i.e. d845, d850, and d855) and their segmentation from other LBP-CS-SRC items to 168 
support clarity of the additional instructions. The final version of the LBP-CS-SRC (see 169 
Supplementary Appendix A), that is, post-adjustment to the work-related items, was re-presented to 170 
those five patients; no further amendment suggestions arose.  171 
 172 
2.3 Data Analysis 173 
Rasch analysis, a statistical model-based latent trait psychometric technique, was employed to 174 
examine the internal construct validity of the LBP-CS-SRC. In short, Rasch analysis entails an 175 
iterative examination of the fit between rating scale data and prescriptive Rasch statistical models. 176 
Rasch models dictate the purportedly ideal form that rating scale data should take if it possesses the 177 
attributes deemed necessary to constitute objective measurement of a construct (i.e., the latent trait) 178 
[32, 33]. From a mathematical perspective, Rasch models presuppose that one's response to an item 179 
is a probabilistic function of the difference between an item's difficulty of endorsement and the 180 
endorsee’s true level on the latent trait that is being measured [34]. The Rasch Partial Credit Model 181 
(PCM) [34] was employed in the present study. Inherent in the PCM are several key assumptions, 182 
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including: unidimensionality (i.e., items assess the same single underlying construct), absence of 183 
response dependency (i.e., responses to one item are not conditional on responses to another), and 184 
lack of item bias (i.e., responses are not meaningfully influenced by factors extraneous to the trait 185 
being assessed). Should the LBP-CS-SRC data adequately satisfy these assumptions, it would 186 
indicate the PCM can be used to obtain interval-level measures from the ordinal item ratings. 187 
Winsteps (v3.92) [35], with Joint Maximum Likelihood Estimation (JMLE) [36] of person and item 188 
parameters, was used to examine concordance with PCM assumptions by way of sequentially 189 
analyzing person fit, category function, dimensionality, and differential item functioning (DIF). For 190 
data that adequately satisfied PCM assumptions, targeting was considered to assess the usefulness 191 
of Rasch derived measures. Finally, test characteristic curves were used to compare LBP-CS-SRC 192 
raw ordinal scores to their Rasch model generated interval-level equivalent. As necessary, items 193 
were deleted to resolve model violations [37]. Unless otherwise indicated, results are reported using 194 
the default Rasch logit metric (mean, SD = 0, 1). IBM SPSS (v23.0) was used for all other analyses.  195 
 196 
2.3.1 Person fit and category function 197 
Rasch analysis provides goodness-of-fit statistics to denote how well responses fit with the model’s 198 
expectations. Person fit statistics provide an indicator of person response validity, whereby misfit 199 
can indicate responses patterns that are inconsistent with model expectations due to scale 200 
misinterpretation. Persons with extreme misfit (i.e., mean-square fit value ≥2.0 and ZSTD >2.58, 201 
see 2.3.2 below for explanation of Rasch fit statistics) were omitted from further analyses. If >95% 202 
of participants were retained, person response validity was supported and the instrument was 203 
considered suitable for this patient population [38]. Following deletion of misfitting persons, 204 
category function was examined to determine whether the three-point rating scale met the following 205 
requirements [39]: 1) ≥10 observations in each category, 2) monotonically increasing Rasch-206 
Andrich thresholds (i.e., the difficulty of a lower inter-category threshold (e.g., 0 – 1) was less than 207 
that of the adjacent higher inter-category threshold (e.g., 1 – 2), 3) monotonically increasing 208 
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average measure from lowest to highest category, and 4) category outfit mean square fit values 209 
<2.0.  210 
  211 
2.3.2 Dimensionality and DIF 212 
A Rasch principle components analysis (PCA) of residuals (observed minus expected scores) was 213 
completed to provide an overall dimensionality assessment [40, 41]. In Rasch PCA of residuals, 214 
unidimensionality is supported when: the Rasch construct (principal component) accounts for at 215 
least 50% of the total variance; the residuals, after removal of the Rasch construct, are randomly 216 
distributed with no clear pattern; and the first contrast (the largest dimension after removal of the 217 
Rasch construct) has an eigenvalue <2 [40-42]. Item pair residual correlations >0.29 and >0.27 218 
were considered indicative of local item dependence for the activity and participation dimensions, 219 
respectively, based on the results of a pre-analyses recommended by Christensen, Makransky, and 220 
Horton [43] (see Supplementary Appendix B) [43]. To resolve local dependency, two strategies 221 
were considered. First, deleting an item from each locally dependent pair; where applicable, items 222 
from the LBP-CS were retained over items not contained in the LBP-CS. Second, summing scores 223 
from each item in locally dependent pairs to create testlets. Testlets, as the more onerous strategy 224 
for LBP-CS-SRC end-users to implement, was applied if it meaningfully improved person 225 
separation reliability compared to item deletion.   226 
 227 
Rasch analysis provides item level goodness-of-fit statistics to indicate how well individual items fit 228 
with the model's expectations, of which unidimensionality is central. Accordingly, acceptable 229 
model fit statistics provide support for unidimensionality [40]. Two fit statistics were considered: 1) 230 
infit (inlier pattern sensitive fit statistic), which is more sensitive to unexpected response patterns 231 
for items that are roughly targeted near one's trait level; and 2) outfit (outlier sensitive fit statistic), 232 
which is more sensitive to unexpected responses to off-target items (i.e., very easy/hard with respect 233 
to respondent's trait level). Infit and outfit statistics were reported as mean-squares (MnSq), with 234 
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values <1 and >1 indicative of over- (too predictable) and under- (too unpredictable) fit, 235 
respectively [37]. When all items exhibited acceptable fit (i.e., MnSq 0.60 – 1.40 [44]), 236 
unidimensionality was considered to be further supported. In addition, as a quasi-fit indicator, each 237 
item’s discrimination value was reviewed. In the PCM, item discrimination is not parameterized 238 
and is asserted to be 1.0 for each item. However, for informative purposes, it can be calculated post-239 
hoc. The amount of the departure of an item’s discrimination from 1.0 was considered indicative of 240 
the degree to which it misfit with PCM expectations [35]. 241 
 242 
DIF analysis considers whether persons' responses to items, and hence their calibrated difficulty, 243 
are a function of extraneous factors (e.g., gender) in addition to their level of the trait being 244 
measured. DIF, or item bias, is exhibited when different subgroups (e.g., males vs females), after 245 
controlling for their respective trait levels, respond to an item in a systematically different manner 246 
[33]. Mantel-Haenszel chi-square statistics were used to examine DIF for: gender, age (median 247 
split: <54 vs ≥54 years), and pain duration (median split: <90 vs ≥90 months), as well as marital 248 
and educational status. Items should be invariant to ensure comparable item function, and 249 
measurement on a consistent scale, across groups; a statistically significant item difficulty contrast 250 
of >0.5 logits between groups was considered evidence of noteworthy DIF [35]. Significance was 251 
set to the bonferroni-adjusted p-value of 0.01. If noteworthy DIF was observed, the association (r) 252 
and mean difference (t-test) between DIF-adjusted and DIF-unadjusted measures was assessed to 253 
judge the practical impact of the item bias on overall measure function [45].  254 
 255 
2.3.3 Targeting and score conversion  256 
The items, once calibrated to the model, were placed in a hierarchy according to their difficulty 257 
with respect to the measured trait. Persons were placed on the same continuum according to their 258 
trait level to produce 'item-person maps' [37]. Item-person maps were used to visually inspect the 259 
range of participants that were encompassed by the LBP-CS-SRC’s items. In addition, overall 260 
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targeting was quantified by comparing the mean person value to the mean item value. A difference 261 
of >|0.5| logits was considered suggestive of mis-targeting [35]. The better targeted a measure, the 262 
more reliably it can distinguish individual’s trait levels. In the Winsteps program, reliability is 263 
reported as the person separation index (PSI), and a minimum value of 1.5 is considered necessary 264 
for clinical applications of instruments [33]. Winsteps also produces an item separation index (ISI), 265 
an index >3 was considered acceptable for sufficiently precise item difficulty estimates [35]. 266 
 267 
Test characteristic curves (TCC) were generated to visualize the relationship between summed 268 
scores and their associated Rasch model generated interval-level equivalent. 'Summed score' to 269 
'interval scale' conversion tables were produced to permit conversion of specific summed ordinal 270 
scores into their interval scaled equivalent. To aid practical application, in addition to the default 271 
Rasch logit metric, another interval scale from 0 – 100 was provided.  272 
 273 
3.0 RESULTS  274 
3.1 Participant details 275 
Background details for participants are contained in Table 1. The sample (N = 308, 51.9% female) 276 
was typically married (43.8%) and had not completed secondary schooling (49.0%). Participants 277 
(mean [SD] age = 53.6 [15.1] years) reported an average pain duration of 12 years, with a mean 278 
pain intensity of 6.6 on an 11-point numerical rating scale.    279 
 280 
[Please insert Table 1 about here] 281 
 282 
3.2 Rasch analysis of the activity measure (22 items)   283 
3.2.1 Person fit and category function 284 
Ten participants (3.2%) exhibited unsatisfactory model fit and were omitted from subsequent 285 
analyzes. For each item’s rating scale, apart from d570 (looking after one’s health), there were ≥10 286 
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observations in each category, monotonically increasing inter-category thresholds and average 287 
measure values, and the outfit MnSq was <2 for each category. Descriptive statistics for item 288 
responses are provided in Table C1/Supplementary Appendix C. Looking after one’s health ‘some 289 
difficulty’ category outfit MnSq was 2.18; rescoring from 012 to 011 resolved the category 290 
dysfunction. Overall, the three-point activity limitations qualifier functioned satisfactorily and was 291 
retained for each item apart from d570. 292 
 293 
3.2.2 Dimensionality and DIF  294 
Two items exhibited model misfit (d445, infit MnSq = 1.43 and outfit MnSq = 1.67; d570, infit 295 
MnSq = 1.15 and outfit MnSq = 1.79) and were removed. In view of the d570 rating scale rescoring 296 
noted in section 3.1.1, we also examined d570 fit with the original scoring pattern; this did not 297 
result in a satisfactory outfit MnSq. Local dependency (residual correlation = 0.44) was observed 298 
between changing basic body position (d410) and maintaining a body position (d415). Maintaining 299 
a body position was omitted from further analyses as a d410-d415 testlet did not meaningfully 300 
improve person separation reliability relative to the item deletion strategy (see Table 301 
C2/Supplementary Appendix C). Finally, two off-target items were omitted (PCA first contrast 302 
loadings of 0.63 (d510) and 0.61 (d620)). As can be inferred from Table 2, each of the remaining 303 
items exhibited satisfactory model fit. The discrimination values for each remaining item provided 304 
further support for their suitable function with respect to model expectations (see Table 305 
C3/Supplementary Appendix C). The Rasch construct accounted for 57.8% of the PCA variance. 306 
The eigenvalue for the first contrast was 1.95 and there was no clear pattern in the standardized 307 
residual plot. Taken together, the dimensionality results support use of the retained 17 items as a 308 
unidimensional activity limitations measure.  309 
 310 
None of the items, apart from d450 (walking, DIF contrast = 1.05, p<0.001) and d455 (moving 311 
around, DIF contrast = 1.41, p = 0.001) exhibited noteworthy DIF.  Older participants, after 312 
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controlling for their respective activity limitations, were more likely to endorse these two items than 313 
younger participants. However, there was no practical difference between participants’ unadjusted 314 
and DIF-adjusted (simultaneously for d450 and d455) overall activity limitations (r = 0.99, p < 315 
0.001; mean difference = 0.004 [95%CI: -0.008 – 0.015], p = 0.53). 316 
 317 
[Please insert Table 2 about here] 318 
 319 
3.2.3 Targeting and score conversion  320 
Summary statistics for the activity limitations measure are provided in Table 3. Participants and 321 
items ranged from -5.82 – 4.54 and -3.32 – 2.61 logits, respectively. Overall, the measure was 322 
reasonably well targeted with a mean person value of -0.44 logits. As can be seen from Fig.1a, the 323 
item range was sufficient to cover most participants. The PSI and ISI were 3.26 and 10.82, 324 
respectively, exceeding acceptable thresholds. The relationship between raw ordinal scores and the 325 
corresponding interval-level measures generated by the Rasch model was sigmoidal (see Fig. 326 
C1a/Supplementary Appendix C), and a conversion schedule is provided in Table 327 
C4/Supplementary Appendix C.  328 
 329 
[Please insert Table 3 about here] 330 
[Please insert Fig.1 about here] 331 
 332 
3.3 Rasch analysis of the participation measure (11 items) 333 
3.3.1 Person fit and category function  334 
Seven persons (2.3%) exhibited unsatisfactory model fit and were omitted from further analyses. 335 
Descriptive statistics for item responses are provided in Table C1/Supplementary Appendix C. With 336 
respect to category function, for each item there were: ≥10 observations in each category, 337 
monotonically increasing inter-category thresholds and average measure values, and the outfit 338 
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MnSq was <2 for each category. Accordingly, the three-point participation restrictions qualifier was 339 
retained.  340 
 341 
3.3.2 Dimensionality and DIF 342 
Non-remunerative employment (d855) was dropped due to evidence of local dependency (residual 343 
correlation = 0.42) with remunerative employment (d850); a testlet did not improve person 344 
separation reliability (see Table C2/Supplementary Appendix C). The resulting Rasch construct 345 
accounted for 61.2% of the residual variance in the PCA and the eigenvalue for the first contrast 346 
was 1.94. No meaningful pattern was observed in the standardized residual plot. The remaining 10 347 
items exhibited acceptable model fit (see Table 2) and their discrimination values were supportive 348 
(see Table C3/Supplementary Appendix C). Notably, intimate relationships (d770) displayed slight 349 
under-fit (outfit MnSq = 1.44). Taken together, the dimensionality results support use of the 10 350 
items as a unidimensional participation restrictions measure.  351 
 352 
Remunerative employment (d850) was the only item to exhibit noteworthy DIF.  Participants with 353 
lower educational achievement tended to find d850 easier to endorse (i.e. reported more 354 
restrictions) than those with higher educational achievement (summary DIF chi-square = 15.36, df 355 
= 2, p < 0.001); see Fig. C2/Supplementary Appendix C). Upon examination of pair-wise 356 
comparisons the DIF findings were marginal (see Table C5/Supplementary Appendix C), and there 357 
was no practical difference between participants’ unadjusted and DIF-adjusted (for d850) overall 358 
participation restrictions (r = 0.99, p < 0.001; mean difference = 0.002 [95%CI: -0.010 – 0.014], p = 359 
0.70).  360 
 361 
3.3.3 Scale targeting and score conversion  362 
The summary statistics for the participation measure are reported in Table 3. The mean person 363 
value was -1.19, suggesting that the measure was off-target overall. This finding was supported by 364 
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the item-person map (see Fig.1b), which showed a cluster of participants at the lower end of the 365 
trait relative to the items. Both the PSI (1.94) and ISI (8.82) were acceptable and the associated item 366 
range was sizable (4.89 logits). There was a sigmoidal relationship between raw ordinal scores and 367 
their Rasch model generated interval-level equivalents (see Fig. C1b/Supplementary Appendix C). 368 
A raw score-measure conversion is provided in Table C4/Supplementary Appendix C to 369 
operationalize interval-level measurement of participation. 370 
 371 
4.0 DISCUSSION 372 
To the investigators’ knowledge, this is the first study to demonstrate that patient ratings of LBP-CS 373 
categories can be used to measure functioning. The LBP-CS-SRC rating scale, i.e., the modified 374 
three-point ICF qualifier scale, performed suitably when used by patients to self-rate their 375 
limitations and restrictions. With few misfitting persons, the LBP-CS-SRC person response validity 376 
was good and, following deletion of six items that were aberrant with respect to model expectations, 377 
the dimensionality results supported employing the instrument as distinct measures of activity 378 
limitations (17 items) and participation restrictions (10 items). The activity and participation 379 
measures both had good person separation reliability and none of the component items exhibited 380 
clinically meaningful DIF. Overall, the results support application of the LBP-CS-SRC as self-381 
report measures of activity and participation in people with CLBP.  382 
 383 
Despite being able to derive measures with sound internal construct validity from the LBP-CS-384 
SRC, not all of its component items met PCM expectations. Changing basic body position (d410) 385 
and maintaining a body position (d415), as well as remunerative employment (d850) and non-386 
remunerative employment (d855), exhibited local dependency. The items in each of these pairs are 387 
closely related in content, and their interdependency is not unexpected in view of similar findings 388 
[46]. To resolve local dependency, consistent with prior LBP-CS analyses [15-17], we employed 389 
the strategy of item deletion; this lead to removal of d415 and d855. Retaining d415 and d855, via 390 
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testlets, did not meaningfully improve person separation reliability. Whilst d415 and d855 were 391 
deleted in the main analysis, those choices were statistically driven to reduce measurement 392 
redundancy; they may still have clinical value and it is recommended that they are retained in the 393 
LBP-CS-SRC whilst omitting their responses from instrument scoring. Similarly, retaining the 394 
other deleted items (i.e., d445, d510, d570, and d620) in the LBP-CS-SRC is suggested as they may 395 
also aid clinical decision-making when interpreted as individual items [47]. The reasons 396 
underpinning these later four item’s departures from PCM expectations are unclear. These items 397 
may not provide productive information for the measurement of CLBP patients’ functioning. For 398 
example, it could be posited that problems with hand and arm use (d455) may not be particularly 399 
salient for the measurement of CLBP-related functioning relative to other items such as lifting and 400 
carrying objects (d430) [24]. Or alternatively, items may not have been consistently understood by 401 
respondents, for example d570 which exhibited category malfunction, and revision may improve fit 402 
[48]. Finally, our choice of a balanced misfit criteria of MnSq >1.4, being neither lenient (>1.7) nor 403 
strict (>1.2) [44], influenced item exclusion. Different misfit thresholds may have led to different 404 
conclusions regarding item omission.  405 
 406 
Several items (d230, d520, d720, d855, and d930) that are not in the LBP-CS were added to the 407 
LBP-CS-SRC. The present results suggest that, apart from d855, these additions may fill LBP-CS 408 
measurement gaps. However, despite these additions, patients’ participation restrictions were 409 
generally less than the level targeted by the LBP-CS-SRC. Notwithstanding this finding, the 410 
reliability of the LBP-CS-SRC was reasonable and the modest floor effect was within acceptable 411 
thresholds for instrument application [49]. Similar mis-targeting findings, but to a larger degree, 412 
have been found from health professionals’ LBP-CS ratings [15-17]. Identification and addition of 413 
other participation categories that assess milder restrictions may further improve the LBP-CS’s 414 
measurement properties.  415 
 416 
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DIF was found for walking (d450) and moving around (d455), whereby older patients were more 417 
likely than younger patients to endorse both items. An inverse relationship between age and 418 
locomotive function exists [50], which would underpin this finding, and these DIF results are 419 
consistent with analyses of health professionals’ LBP-CS ratings [15]. The present finding of 420 
education related DIF for remunerative employment (d850) has not emerged from prior Rasch 421 
analyses of health professionals’ LBP-CS ratings [15-17]. The difference in findings may be 422 
attributable to how education was applied. Prior DIF analyses have dichotomized educational 423 
attainment [15, 16], which may have masked similar findings to this study in which DIF was 424 
analyzed according to three education levels. Nonetheless, the result is unsurprising given the 425 
inextricable link between greater educational attainment and fewer employment restrictions [51].  426 
Despite their DIF, d450, d455 and d850 were retained in view of the modest biases that arose, the 427 
negligible practical impact of those biases on overall measure values, and each item’s high utility as 428 
evidenced by their inclusion in the Generic ICF Core Set [52].   429 
 430 
The original five-point ICF qualifier scale has been shown to be dysfunctional in several Rasch 431 
analyses of health professional’s ratings, and the modified three-point ICF qualifier scale employed 432 
in this study is a recommended alternative [15, 16, 25-27]. In prior research, health professional’s 433 
ratings on the original five-point qualifier scale have been re-scored and collapsed post-hoc to 434 
remedy dysfunction when constructing measures from the LBP-CS. When used prospectively by 435 
health professionals the modified three-point qualifier scale has been shown to function 436 
satisfactorily [26]. Preliminary evidence from application of the ICF Breast Cancer Core Set has 437 
suggested that the original five-point ICF qualifier scale is similarly dysfunctional when used by 438 
patients [53]. Prior to the present study, use of the modified three-point ICF qualifier scale by 439 
patients to self-rate functioning had not been examined. The present findings suggest that patients 440 
interpret and apply the modified three-point ICF qualifier scale in a consistent manner to denote 441 
greater limitations and restrictions with successively higher qualifier levels. With previous evidence 442 
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that health professional and patient ratings of disability can differ considerably, even when using 443 
the same instrument [21], the present findings serve as a step towards facilitating patient ratings of 444 
disability using the same ICF language and scale as health professionals and researchers [18-20]. 445 
This may enhance patient-provider communication, facilitating more effective utilization of patient 446 
perspectives alongside those of health professionals when designing and evaluating interventions in 447 
practice and research [8].  448 
 449 
Reductions in activity limitations and participation restrictions are important to CLBP patients; 450 
however, these constructs are not well represented in existing outcome measures [54]. At present, 451 
self-reported activity and participation data is generally acquired by one of two indirect approaches. 452 
These are, firstly, by linking established instruments to the ICF and, secondly, by developing new 453 
ICF-focused instruments. However, both approaches have inherent limitations. Established 454 
instruments, many developed prior to the ICF’s release, assess a narrow mix of ICF components 455 
and aggregate items into unitary scales [12]. Therefore, it remains difficult to ascertain the specific 456 
impact of treatments on activity and participation when using established measures. New 457 
instruments typically overcome this issue by operationalizing distinct ICF components. However, 458 
new measures generally do not focus on second-level ICF categories, which have been designated 459 
as the most useful operational unit of the classification and selected as the basis for the suite of ICF 460 
Core Sets [55]. Instead, new measures usually focus on overall (or part of) ICF component or 461 
chapter levels [e.g., 56, 57], making linkage to ICF Core Sets difficult and imprecise. Moreover, 462 
new instruments typically employ instrument-specific rating scales that are not directly compatible 463 
or interchangeable with the ICF qualifier scale [e.g., 56]. Direct patient reporting of functioning 464 
according to the LBP-CS, via the LBP-CS-SRC, serves as a simpler and more efficient 465 
methodological alternative for quantifying self-reported functioning that overcomes the 466 
aforementioned issues with existing indirect approaches to assessing activity and participation. The 467 
utility of health professionals’ ratings of ICF categories for the development of functioning 468 
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measures has been established for some time [58, 59]. The present results demonstrate similar 469 
methodological utility for patient ratings of ICF categories. Investigating whether patient ratings of 470 
other ICF Core Sets and components might also have utility for the measurement of functioning 471 
appears warranted. 472 
 473 
Prior to the present study, the LBP-CS, which has been promulgated as a minimum data set for 474 
practice and research [14], had yet to be explicitly operationalized with a patient-reported 475 
instrument. By operationalizing the LBP-CS, use of the LBP-CS-SRC could address the issue of 476 
measurement heterogeneity by facilitating comparisons of results across studies according to the 477 
ICF’s universally accepted language and conceptualization of disability. The LBP-CS-SRC may 478 
afford valuable insights into the epidemiology of CLBP and differential impacts of treatments on 479 
activity and participation by facilitating the explicit and distinct measurement of these ICF 480 
constructs in research and practice. When applying the LBP-CS-SRC, the interval-level measures 481 
from Table C4 (Supplementary Appendix C) are likely to offer greater precision for the 482 
measurement of activity and participation than the ordinal summed scores [60-62]. Finally, the 483 
LBP-CS-SRC addresses IMMPACT/OMERACTs recommendation for the development of new 484 
self-report measures of activity and participation that operationalize the ICF model and taxonomy 485 
[13].   486 
 487 
Several limitations merit consideration when interpreting the present findings. First, this study 488 
relied on a cross-sectional sample of patients with CLBP attending a tertiary-referral service. 489 
Further analyses of the LBP-CS-SRC are required in other samples and settings (e.g., primary care) 490 
to assess measurement invariance across contexts. Second, the present findings are limited to the 491 
LBP-CS-SRC’s internal construct validity. Further research into other aspects of validity, such as 492 
convergent and discriminant validity, are warranted. Moreover, whilst the present ICF qualifier 493 
findings are promising, the test-retest reliability of the LBP-CS-SRC merits further consideration. 494 
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By way of preliminary convergent validity evidence, the correlation (r) between the final activity 495 
and participation measures was 0.68. Third, use of JMLE, despite advantages in comparison to 496 
other estimation methods [35] and common usage [e.g., 60], precluded the meaningful assessment 497 
of global model fit. Future use of conditional maximum likelihood estimation would facilitate 498 
straightforward application of Andersen’s likelihood ratio test, reportedly the most useful Rasch 499 
global model fit test [48]. Finally, the PCM is somewhat prescriptive in comparison to two-500 
parameter item response theory models (e.g., item discrimination parameters are fixed to one, see 501 
Massof [34] for detailed discussion). This relative inflexibility underpins the PCM’s advantages 502 
when seeking to derive interval-level measures [32], hence recommendations for its application 503 
when analyzing health measures [33, 62] and contemporary usage [e.g., 63]. However, deletion of 504 
misfitting items in the present analysis presupposed that they were not productive for measurement 505 
according to the PCM. An alternative perspective may be that the PCM might not have been 506 
sufficient to account for the information these items may have offered. Future application of two-507 
parameter item response theory models, due to their greater propensity for describing real-world 508 
data [34], may better account for the items that were omitted in the present analysis and potentially 509 
extend understanding of LBP-CS-SRC measurement properties.  510 
  511 
In conclusion, this study developed and tested the LBP-CS-SRC, a self-report measure of 512 
functioning based on the LBP-CS. The LBP-CS-SRC was found to produce distinct measures of 513 
activity and participation with sound internal construct validity that can be used in clinical practice 514 
and epidemiologic research to improve understanding of patient perspectives on functioning. 515 
Further research is recommended to extend the present findings. 516 
517 
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Figure legend 703 
 704 
Fig 1. Item-person maps for the Low Back Pain Core Set Self-Report Checklist Activity (a) and 705 
Participation (b) measures. Persons (left-hand side) and items (right-hand side) are plotted on the 706 
same logit metric. Each ‘X’ and ‘.’ in the person column represents two people and one person, 707 
respectively.  M = mean, S = one standard deviation, and T = two standard deviations for the 708 
persons and items where indicated.  Persons with min/max responses excluded from figures.  709 
 710 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
Table 1   Rasch analysis of the LBP-CS-SRC  
12-Oct-16   Page 1 of 2 
 
Table 1. Demographic and clinical variables (N=308). 
Variable n (%)a 
Gender   
   Male 148 (48.1) 
   Female 160 (51.9) 
Age (years), mean (SD) 53.6 (15.1) 
Pain duration (months), mean (SD) 144.7 (154.9) 
Marital status  
   Single 48 (15.6) 
   Married  135 (43.8) 
   Separated 25 (8.1) 
   Divorced 40 (13.0) 
   Widowed  22 (7.1)  
   Defacto/stable relationship 38 (12.4) 
Education  
   Did not complete secondary schooling 151 (49.0) 
   Completed secondary schooling 75  (24.4)  
   Post-secondary schooling qualification 82 (26.6) 
Employment status  
   Full-time 73 (23.7) 
   Part-time 37 (12.0) 
   Retired 86 (27.9) 
   Home duties 27 (8.8) 
   Unemployed due to pain 63 (20.5) 
   Unemployed due to other reasons 22 (7.1)  
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General health  
   Excellent 5 (1.6)  
   Very good 35 (11.4) 
   Good 123 (39.9) 
   Fair 112 (36.4) 
   Poor 33 (10.7) 
Average pain intensityb(0-10), mean (SD) 6.6 (1.9) 
Number of limiting comorbidities,  
median (IQR)c 
2.0 (2.0) 
 
aFrequency count (%), unless stated otherwise. 
b11-point numerical rating scale (0 = no pain –  
10 = pain as bad as you can imagine) 
cMode = 1.0 
Abbreviation: SD, standard deviation.  
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Table 2. Item fit and location for the Low Back Pain Core Set Self-Report Checklist.  
ICF 
component 
ICF 
code 
ICF 
label  
Infit 
MnSq 
Outfit 
MnSq 
Location 
(SE) 
Activity d230 Carrying out daily routine 0.85 0.82 -0.59 (0.14) 
 d240 Handling stress and other psychological 
demands  
1.13 1.20 0.21 (0.13) 
 d410 Changing basic body position  0.98 0.92 -2.24 (0.14) 
 d420 Transferring oneself  1.03 1.02 -0.17 (0.13) 
 d430 Lifting and carrying objects  1.08 1.15 -1.37 (0.13) 
 d450 Walking  1.15 1.13 -1.26 (0.13) 
 d455 Moving around 1.06 0.89 -3.32 (0.15) 
 d460 Moving around in different locations 0.89 0.92 0.16 (0.12) 
 d465 Moving around using equipment 0.92 0.81 1.38 (0.21) 
 d470 Using transportation 1.09 1.02 1.16 (0.14) 
 d475 Driving  1.24 1.31 0.94 (0.14) 
 d520 Caring for body parts 1.09 1.00 1.33 (0.13) 
 d530 Toileting  1.09 0.91 2.61 (0.15) 
 d540 Dressing  0.96 0.99 1.19 (0.13) 
 d630 Preparing meals  0.79 0.94 1.70 (0.13) 
 d640 Doing housework  0.71 0.67 -0.80 (0.13) 
 d650 Caring for household objects  0.95 0.97 -0.93 (0.13) 
Participation d660 Assisting others  1.14 1.20 0.69 (0.17) 
 d710 Basic interpersonal interactions  0.92 0.57 2.43 (0.18) 
 d720 Complex interpersonal interactions  0.95 1.06 1.58 (0.16) 
 d760 Family relationships 0.86 0.77 1.17 (0.15) 
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 d770 Intimate relationships  1.25 1.44 -0.36 (0.14) 
 d845 Acquiring, keeping and terminating a job  1.15 1.13 -0.97 (0.17) 
 d850 Remunerative employment 1.16 1.12 -2.46 (0.17) 
 d910 Community life  0.67 0.61 -0.59 0.14) 
 d920 Recreation and leisure  1.07 1.06 -1.82 (0.14) 
 d930 Religion and spirituality  1.00 0.84 0.32 (0.20) 
Abbreviation: MnSq, mean square. 
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Table 3. Summary statistics for the Low Back Pain Core Set Self-Report Checklist. 
 Persons   Items 
 Mean (SD) Min Max Separation 
index 
 Mean (SD) Min Max Separation 
index 
Activitya  -0.44 (1.97) -5.82 4.54 3.26  0.00 (1.50) -3.32 2.61 10.82 
Participationb -1.19 (2.03) -4.72 4.49 1.94  0.00 (1.45) -2.46 2.43 8.82 
aExcluding persons with extreme scores (2 with maximum possible scores).  
bExcluding persons with extreme scores (4 with maximum possible and 43 with minimum possible 
scores). 
 
 
 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
Fig.1    Rasch analysis of the LBP-CS-SRC  
12-Oct-16   Page 1 of 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
